iNTroDucTioN
Heat stress (Hs) is a global problem that threatens efficient animal production (West, 1999; Bernabucci et al., 2010) . Its economic impact on animal agriculture worldwide is staggering, and identifying strategies to minimize the negative effects of current and future climate change on the production of high-quality animal protein for human consumption is critical . ABsTrAcT: Thirty-two Afshari lambs were used in a completely randomized design with a 2 × 2 factorial arrangement of treatments to evaluate a nutritional supplement designed to provide multiple gluconeogenic precursors during heat stress (HS). Lambs were housed in thermal neutral (TN) conditions and fed ad libitum for 8 d to obtain covariate data (period 1 [P1]) for the subsequent experimental period (period 2 [P2]). During P2, which lasted 9 d, half of the lambs were subjected to HS and the other 16 lambs were maintained in TN conditions but pair fed (PFTN) to the HS lambs. Half of the lambs in each thermal regime were fed (top-dressed) 100 g/d of a feed supplement designed to provide gluconeogenic precursors (8 lambs in HS [heat stress with Glukosa {HSG}] and 8 lambs in PFTN [pair-fed thermal neutral with Glukosa]) and the other lambs in both thermal regimes were fed only the basal control diet (HS without Glukosa [HSC] and pair-fed thermal neutral without Glukosa). Heat stress decreased DMI (14%) and by design there were no differences between the thermal treatments, but HSG lambs had increased DMI (7.5%; P < 0.05) compared with the HSC lambs. Compared with PFTN lambs, rectal temperature and skin temperature at the rump, shoulder, and legs of HS lambs were increased (P < 0.05) at 0700 and 1400 h. Rectal temperature at 1400 h decreased for HSG lambs (0.15 ± 0.03°C; P < 0.05) compared with HSC lambs. Despite similar DMI between thermal treatments, ADG for HS and PFTN lambs in P2 was decreased 55 and 85%, respectively, compared with lambs in P1 (P < 0.01). Although the prefeeding glucose concentration was not affected by thermal treatment or diet, HSG lambs had increased postfeeding glucose concentration compared with HSC lambs (P < 0.05). In contrast to the glucose responses, circulating insulin was influenced only by thermal treatment; HS lambs had increased insulin concentration (P < 0.01) before feeding and decreased concentration (P < 0.05) after feeding compared with PFTN lambs. Heat-stressed lambs had decreased NEFA concentration before feeding (P < 0.01) but not after feeding relative to PFTN lambs. Although this nutritional strategy did not affect ADG, the lower rectal temperature in HSG lambs indicates that dietary inclusion of a mixture of glucogenic precursors can potentially benefit animal health during HS.
Among the potential approaches to alleviate HS, such as physical modifications to the environment, management adaptations, genetic selection, and dietary modifications, nutritional strategies are among the easiest and cheapest to implement. Nutritional tactics used during HS generally focus on enhancing the energy density of the diet and decreasing the thermic effect of feeding (West, 1999; Kadzere et al., 2002) . Recently, studies have demonstrated that heat-stressed farm animals, including growing and lactating ruminants, preferentially utilize glucose for processes other than milk and muscle synthesis during HS Rhoads, 2012, 2013) . One method of enhancing hepatic glucose efflux is to feed additional starch, but feeding excessive grain increases the risk of rumen acidosis (Kadzere et al., 2002) . As a result, safely providing substrates that are gluconeogenic themselves or are metabolized into glucose precursors (propionate) may increase productivity or production efficiency during the summer .
We hypothesized that supplementing a product containing gluconeogenic precursors could increase circulating glucose during HS and improve animal performance. Therefore, study objectives were to evaluate the effects of a supplement containing glucose precursors on productive performance and blood metabolite concentrations in Afshari lambs during HS.
mATeriAL AND meTHoDs

Animals and Experimental Design
Lambs were cared for according to the guidelines of the Iranian Council of Animal Care (1995; for sheep). Thirty-two intact 2-to 2.5-mo-old growing male Afshari lambs (41.0 ± 4.6 kg BW) were selected and housed in individual stalls (2 by 1 m, with individual feeders and waters) 2 wk before the start of the experiment, as we have previously described . Afshari is a medium-sized, coarse-wool Iranian breed, reared primarily for meat, that originated from a warm environment (Terrill and Slee, 1991) . Feed was delivered as a total mixed ration at 0800 and 1430 h, primarily consisting of alfalfa hay, ground corn grain, and soybean meal, with a dietary forage-to-concentrate ratio of 67.5:32.5. Half of the ration was provided at each feeding, and the diet was formulated to meet or exceed NRC (2007) recommendations (Table 1) using the Small Ruminant Nutrition System (Tedeschi et al., 2010; version 1.9.4468) . During this experiment, the wool length was between 30 and 35 mm. This trial consisted of 2 experimental periods, both with a 15.5-and 8.5-h light/ dark cycle. Period 1 (p1) lasted 8 d, with all of the lambs in a thermal neutral (TN) condition (22.2 ± 3.1°C and a temperature-humidity index [THi] of 67.9 ± 3.2; Fig. 1 ). Period 2 (p2) lasted 9 d; half of the lambs (n = 16) were subjected to cyclical HS conditions (33.0 to 45.0°C and a THI of more than 80 for 24 h/d and more than 90 for 8 h/d) and the other lambs continued in TN conditions but were pair fed (pFTN) to eliminate the confounding effects of unequal nutrient intake, as we have previously described (Mahjoubi et al., 2014) . The PFTN group began P2 3 d after the HS lambs to calculate and implement feed intake reductions. Half of the lambs in each thermal environment (8 lambs in the HS group and 8 lambs in the PFTN group) were fed 100 g/d of a product designed to provide a mixture of glucose precursors (GLu; Glukosa; Novation Co., Madrid, Spain) as a topdress only in the morning feeding. Glukosa contained glycerol (330 g/kg), mono propylene glycol (94.5 g/ kg), calcium propionate (70.5 g/kg), niacin (470 mg/ kg), and cobalt sulfate (185 mg/kg) and colloidal silica as the carrier. For GLU-fed PFTN lambs (pair-fed thermal neutral with Glukosa [pFTNG]), 100 g of calculated feed offered was substituted with GLU, whereas for HS lambs (heat stress with Glukosa [HsG]), 100 g GLU was added to their feed. without Glukosa (pFTNc) and PFTNG lambs were fed based on the mean percentage decrease in DMI of all HS lambs in P2 compared with HS lambs in P1.
All production and blood data were collected daily through both experimental periods. The THI was calculated using the following equation: THI = [0.8 × ambient temperature (°C)] + [(% relative humidity/100) × (ambient temperature − 14.4)] + 46.4 (Buffington et al., 1981) . The dimensions of both the HS and TN barns were 4 by 10 by 3 m. Three thermostat-regulated heaters were used to generate the heat load and 2 fans were used to minimize heat gradients within the room. The TN room was equipped with air conditioning.
Measurements
Dry matter intake and water intake were recorded daily in each period. Heat stress indices were obtained from all animals at 0700 and 1400 h daily and included rectal temperature (rT; PIC Vedodigit II, Digital Thermometer; Pic Solution Co., Como, Italy; with ± 0.1°C accuracy) and respiration rate (recorded by counting the flank movements). Shaved skin temperature at the shoulder, rump, and rear and front leg was measured using an infrared temperature gun (model MiniTemp MT6; Raytek Corp., Santa Cruz, CA). Body weight was recorded at the beginning and end of both periods and the difference was divided by the days within period to compute ADG.
Two data loggers (MASTECH, model MS-6505; MASTECH, Taipei, Taiwan) continuously recorded the temperature and humidity data in 15-min intervals. The data loggers were suspended at a height of approximately 1 m above the floor (approximate lamb wither height) for the duration of the experiment. The ambient temperature was controlled, but humidity was not.
Metabolite and Hormone Assays
Jugular vein blood (5 mL in vacutainer tubes containing 200 United States Pharmacopeia units of sodium heparin) was obtained prior to morning feeding and 4 h after that on d 2, 5, and 8 in P1 and d 2, 5, 7, and 9 in P2, as previously described (Mahjoubi et al., 2014 . Blood samples were placed on ice and, within 25 min of collection (Russell and Roussel, 2007) , centrifuged at 2,000 × g for 15 min at room temperature to harvest plasma, which was stored at −20°C for later analysis. Plasma glucose (GOD-PAR; Pars Azmun Laboratory, Tehran, Iran), blood urea nitrogen (BUN; BUN assay kit; Pars Azmun Laboratory), and NEFA concentrations (NEFA-HR(2) assay kit; Wako Chemicals GmbH, Neuss, Germany) were determined using commercially available kits. Analyses were performed using a BT 1500 automatic biochemistry analyzer (Biotechnica Instruments S.p.A, Rome, Italy), which simultaneously completed all the aforementioned diagnostic tests. Insulin concentrations were determined with an ELISA kit (Mercodia Ovine Insulin ELISA; Mercodia AB, Uppsala, Sweden). The assay was conducted in 96-well microplates and read at 450 nm using the Infinite M200 microplate reader (TECAN Group Ltd., Männedorf, Switzerland). Plasma insulin concentrations were analyzed in duplicate from samples obtained on d 5 and 8 of P1 and d 2, 7, and 9 of P2 from 24 lambs (6 lambs per treatment were randomly selected for the whole study). Inter-and intra-assay coefficients for the plasma insulin assay were 4.3 and 4.8%, respectively. To indirectly evaluate insulin sensitivity, a revised quantitative insulin sensitivity check index (rQuicKi) was calculated for prefeeding samples according the equation suggested by Holtenius and Holtenius (2007) : RQUICKI = 1/[log (glucose in mg/dL) + log (insulin in microunits/ mL) + log (NEFA in mmol/L)].
Statistical Analysis
All recorded data in P1 for production, thermal indices, and blood parameters were condensed into a single average and used as a covariate, represented as d −1 on the figures. Statistical analyses were performed using the MIXED procedure of SAS (version 9.1; SAS Inst. Inc., Cary, NC) to evaluate the fixed effects of the respective P1 covariate, environment, diet, day (of P2), and their interactions, with lamb as a random effect. Repeated measurements over time (DMI, water intake, body temperature indices, and blood metabolites) for each lamb were assessed with an autoregressive covariance structure and day as the repeated effect. Data were reported as least squares means and effects were considered significant if P < 0.05 and were declared a tendency if P < 0.1. 
resuLTs
Intake and Body Parameters
During P1, all lambs were housed in TN conditions and there were no differences in DMI between groups (Fig. 2) . However, HS reduced DMI by approximately 14%, on average (P < 0.01), compared with P1. Because PFTN lambs were fed based on the overall percentage decrease in DMI of HS lambs from the average DMI during P1, DMI was not different between them (PFTN and PFTNG lambs), although the environment × diet interaction was significant (P < 0.05; Table 2); HSG lambs had increased intake (approximately 6.5%) compared with the HS without Glukosa (Hsc) group. As expected, water intake increased during P2 for HS lambs (approximately 20%; P < 0.01) but was not influenced by diet. Although ADG was similar across groups during P1 (463 vs. 492 g/d for TN and HS groups, respectively), ADG decreased (P < 0.01) during P2 (55 and 85% for HS and PFTN lambs, respectively) compared with P1. Heat stress lambs gained approximately 400% more than PFTN lambs during P2. Neither diet nor the environment × diet interaction affected ADG.
As expected, all body temperature parameters measured at 0700 and 1400 h were increased in the HS lambs (P < 0.01; Table 2 ) compared with PFTN controls. There tended to be an environment × diet interaction (P = 0.08) for the 1400 h RT, with lower RT observed in HSG lambs than in HSC lambs (0.15 ± 0.04°C). Respiratory rate was increased 400 and 500% (P < 0.01) at 0700 and 1400 h, respectively, for HS lambs compared with PFTN lambs. Regardless of measurement time, overall shaved skin temperature at the rump and the shoulder were increased by 11 and 13% (P < 0.01), respectively, in the HS group compared with the PFTN group, and diet did not influence these measures (Table 2) .
Although neither environment nor diet influenced prefeeding plasma glucose concentration (Table 3) , postfeeding glucose concentration was increased in HSG lambs compared with HSC lambs. The environment × diet interaction was due to hypoglycemia in HSC lambs (P < 0.01), and there was no difference between HSG lambs and PFTN lambs ( Table 3) . Regardless of environment, prefeeding BUN concentration was decreased in GLU-fed lambs (P < 0.03) and there was no effect of diet or environment on postfeeding BUN (Table 3) . Environment, but not diet, influenced circulating insulin (Fig. 3) ; prefeeding insulin concentration was increased (P < 0.01) in HS lambs whereas postfeeding insulin was increased (P < 0.05) in PFTN lambs. There was a day × environment interaction (P < 0.05) for prefeeding insulin concentration, with progressive decreases in PFTN lambs compared with HS lambs as P2 advanced (Fig. 3) . Although neither diet nor environment affected postfeeding circulating NEFA, PFTN lambs had increased prefeeding NEFA compared with HS lambs ( Fig. 4 ; P < 0.01). There was an environment × day interaction (P < 0.01) for postfeeding plasma NEFA concentration, driven by an increase in NEFA on d 5 followed by a decrease on d 7 and 9 in PFTN lambs (Fig. 4) . Based on RQUICKI, PFTN lambs were more sensitive to insulin compared with HS groups (0.59 vs. 0.48 ± 0.03; P < 0.01). An environment × day interaction (P < 0.03) indicated that prefeeding responsiveness to insulin was gradually increased in PFTN lambs.
DiscussioN
Heat stress negatively affects many (if not all) aspects of animal agriculture and is one of the largest barriers to efficient farm animal production. Although substantial advances have been achieved in heat abatement technologies, animal performance remains compromised during the summer. Consequently, due to its ease of implementation and limited costs, dietary supplementation may be an attractive strategy to ameliorate economic losses due to HS. Recent data in both monogastric and ruminant farm animals demonstrate that the preferred fuel of peripheral tissues during HS is glucose (see review by Baumgard and Rhoads, 2013) . Modifying the postabsorptive glucose status in ruminants, however, is challenging because ingested carbohydrates are primarily fermented to short-chain fatty acids in the rumen. As a result, ruminants rely almost Figure 2 . Effects of heat stress and pair feeding as well as offering a glucose precursor (Glukosa; Novation Co., Madrid, Spain) on DMI in growing Afshari lambs (HSC = heat stress without Glukosa; HSG = heat stress with Glukosa; PFTNC = pair-fed thermal neutral without Glukosa; PFTNG = pair-fed thermal neutral with Glukosa). The vertical line separates covariate period (thermal neutral conditions and ad libitum feed intake) from period 2 (either heat stress conditions and ad libitum feed intake or thermal neutral conditions and pair fed). A day effect was detected during period 2. a-c Superscripts show differences among days (P < 0.05). Each point represents least squares means ± SE. Table 2 . Effects of a commercial glucose precursor during heat stress and pair feeding on production, heat stress variables, and blood metabolites in growing Afshari lambs a-c Means within a row with different superscripts differ (P < 0.05).
1 WI = water intake; RR = respiration rate; bpm = breaths per minute; RT = rectal temperature; T R = rump temperature; T S = shoulder temperature; T FL = front leg temperature; T RL = rear leg temperature.
2 P1 = period 1. Values in this column are average values for each item during P1.
3 HSC = heat stress without Glukosa (Novation Co., Madrid, Spain); HSG = heat stress with Glukosa; PFTNC = pair-fed thermal neutral without Glukosa; PFTNG = pair-fed thermal neutral with Glukosa.
4 All parameters were significant for day. Env = environment; Trt = treatment.
5 Trt × Env × day was significant only for this parameter. 2 HSC = heat stress without Glukosa (Novation Co., Madrid, Spain); HSG = heat stress with Glukosa; PFTNC = pair-fed thermal neutral without Glukosa; PFTNG = pair-fed thermal neutral with Glukosa.
3 Trt × Env × day was not significant for any measurements. Env = environment; Trt = treatment.
4 BUN = blood urea nitrogen.
5 RQUICKI = revised quantitative insulin sensitivity check index: 1/[log (glucose) + log (insulin) + log (NEFA)].
exclusively on gluconeogenesis to meet their glucose requirements (Aschenbach et al., 2010) . When ruminants are in a positive energy balance, propionate is the major substrate for gluconeogenesis, and it mostly originates from starch fermentation (Huntington, 1990) . As a result, dietary grain content is typically increased during HS to maximize hepatic glucose output. Unfortunately, heat-stressed ruminants are predisposed to ruminal acidosis for a variety of biological, managerial, and behavioral reasons, so feeding additional concentrates needs to be carefully considered (Kadzere et al., 2002) . Identifying alternative feeding strategies that can safely enhance hepatic glucose output may be an effective strategy to maximize production during HS. By experimental design, the pattern and magnitude of feed intake reduction was similar between the HS lambs and the PFTN controls. However, HSG lambs consumed more DM than HSC lambs. In contrast with this experiment, we failed to detect any DMI response to GLU during HS in our previous study (Hossein with Holstein bull calves fed the same product. Understanding the mechanism or mechanisms underlying this increase in DMI is very important. Ostensibly, the intraruminal metabolic fate of most of the components in the supplement is propionate. According to the hepatic oxidation theory (Allen et al., 2005) , when glucose demand is high (e.g., early lactation and HS), providing the liver with propionate results in increased gluconeogenesis, in turn enhancing hepatocyte ATP consumption and increasing DMI. Nevertheless, there are inconsistencies within the literature on how glycerol affects feed intake in ruminants Bodarski et al., 2005; Boyd et al., 2013) . Our results suggest that GLU have some distinct effect on DMI during HS, which should be addressed by further experiments.
In contrast to our expectations, HS lambs actually outgained (approximately 430%) the PFTNC lambs on a similar plane of nutrition. Also, the increased DMI in HSG lambs did not translate to enhanced ADG. Increased growth of HS lambs compared with PFTN lambs agrees with our recent findings and is in contrast with our first report with the same breed and diet (Mahjoubi et al., 2014) . Although it was not measured, an increase in activity energy expenditure in the PFTN lambs could, in part, explain this observation (the PFTN lambs were visibly anxious). Effects of heat stress and pair feeding as well as offering a glucose precursor (Glukosa; Novation Co., Madrid, Spain) on prefeeding (A) or postfeeding (B) insulin concentrations in growing Afshari lambs (HSC = heat stress without Glukosa; HSG = heat stress with Glukosa; PFTNC = pair-fed thermal neutral without Glukosa; PFTNG = pair-fed thermal neutral with Glukosa). There was an environment × day interaction and the symbol (*) shows differences (P < 0.05) on the relevant day. Each point represents least squares means ± SE. Figure 4 . Effects of heat stress and pair feeding as well as offering a glucose precursor (Glukosa; Novation Co., Madrid, Spain) on prefeeding (A) or postfeeding (B) NEFA concentrations in growing Afshari lambs (HSC = heat stress without Glukosa; HSG = heat stress with Glukosa; PFTNC = pair-fed thermal neutral without Glukosa; PFTNG = pair-fed thermal neutral with Glukosa). There was an environment × day interaction and the symbol (*) shows differences (P < 0.05) on the relevant day. Each point represents least squares means ± SE.
Furthermore, the fact that heat-stressed sheep grew faster than the pair-fed controls agrees with recent pig experiments (Sanz-Fernandez et al., 2012 Pearce et al., 2013) . This growth differential is even more energetically atypical considering that HS is thought to increase maintenance costs in most animals (Kleiber, 1961) including sheep (Ames et al., 1971) . Based on the equations used in the Small Ruminant Nutrition System (Tedeschi et al., 2010; version 1.9.4468) , maintenance requirements in our lambs were about 3.6 Mcal/d, and based on their DMI, they should have gained approximately 19 g/d, much less than the actual ADG in both the HS (224 g/d) and the PFTN (67 g/d) lambs. This finding agrees with a recent report indicating that heatstressed pigs had increased efficiency of converting dietary nutrients into body mass (Johnson et al., 2014) . The obvious differences in growth performance between HS lambs and PFTN controls in our experiment and in others (Sanz Fernandez et al., 2012; Pearce et al., 2013; Mahjoubi et al., 2015) implies that HS markedly influences the energetics of tissue accretion. In contrast to our hypothesis, feeding a gluconeogenic precursor did not ameliorate the decreased ADG during HS. However, given the limited sample size in this study, investigating whether or not supplemental gluconeogenic precursors can increase growth in a larger experiment is of interest.
Regardless of measurement time, HS increased all body thermal indices compared with TN conditions, validating our HS model system. Surprisingly, the HSG lambs had decreased RT compared with the HSC lambs (0.15 ± 0.03°C) despite consuming more DMI (which likely increased basal heat production). The physiological importance of this small difference in body temperature, compared with a 0.7 to 0.8°C difference between HS lambs and TN lambs, is not clear, but the significant diet effect suggests there might be potential utility of nutritional strategies during HS. Increasing the provision of gluconeogenic precursors may lead to a decrease in the use of AA for gluconeogenesis and, in turn, increase energy and nitrogen use efficiency (Berg et al., 2007) . This proposed mechanism is consistent with the decreased BUN in GLU-fed lambs in both thermal regimes (Table 3 ). In contrast, other nutritional strategies such as adding bypass protein (Bunting et al., 1992; Can et al., 2005) or supplemental fat (Caroprese et al., 2012) failed to affect core body temperature. It should be noted that the GLU product contained some niacin, and (although results vary) niacin has been shown to reduce body temperature in lactating heat-stressed cows (Zimbelman et al., 2010; Rungruang et al., 2014) . However, niacin in the GLU product may have low bioavailability because it was not rumen protected (Campbell et al., 1994) , and the dose used in the current experiment is less than 10% of what was fed to influence body temperature in the previous experiments (Zimbelman et al., 2010) . Consequently, it is unlikely that niacin influenced body temperature indices in this study.
As we hypothesized, feeding GLU elevated postfeeding circulating glucose in HSG lambs but not in PFTNG lambs. In other words, compared with P1, HSC lambs had decreased postfeeding glucose concentrations whereas HSG lambs did not experience such a decrease (data not shown). There is inconsistency in the literature regarding the effects of similar products on circulating glucose concentrations. In our previous study (Hossein where heat-stressed bull calves were fed the same gluconeogenic product, we were unable to detect differences in postfeeding glucose concentration. The fact that PFTNG lambs did not have increased glucose concentration is probably because DMI was similar to that of PFTN lambs. Interpreting differences among studies is difficult, as several factors need to be considered, such as method of administration (drench vs. top-dressing), time of sampling in relation to time of supplementation, dose, and physiological status of the animal (Nielsen and Ingvartsen, 2004) . For instance, Linke et al. (2004) showed that drenching glycerol can result in better performance compared with feeding glycerol in a total mixed ration.
In agreement with previous studies in sheep , steers (O'Brien et al., 2010) , pigs (Pearce et al., 2013; Sanz Fernandez et al., 2015) , and lactating cows (Itoh et al., 1998; Wheelock et al., 2010) , prefeeding circulating insulin was increased in HS lambs compared with PFTN lambs. Postfeeding insulin concentrations, however, showed a reverse effect that was not expected. To our knowledge, there are no published data evaluating pre-and postfeeding circulating insulin in HS and PFTN lambs in a single study. It is very likely that the amount of time it took for the PFTN animals to eat their meal was much less than the HS lambs; therefore, they would be expected to have a more rapid increase in insulin (and likely other energetic variables) following the meal. Interestingly, and in agreement with the current experiment, Udum et al. (2008) showed that, under TN conditions, ad libitumfed lambs had lower postfeeding insulin concentration compared with lambs fed once or twice daily. Therefore, feed frequency (and feed restriction) likely has an effect on the postfeeding insulin response. Whatever the reason, GLU had no effect on prefeeding insulin concentration, which contradicted our previous study (Hossein where GLU increased prefeeding circulating insulin in Holstein bull calves.
Basal NEFA concentrations increased in PFTN (51%) and HS (35%) lambs compared with P1. Animals on a decreased plane of nutrition mobilize adipose tissue to compensate for energy insufficiency. This observation agrees with our previous sheep study (Mahjoubi et al., 2014) and other ovine reports (Sano et al., 1983; Sevi et al., 2001; Caroprese et al., 2012; Alhidary et al., 2012) . Furthermore, the increased NEFA concentration in PFTN controls compared with HS animals replicates findings across species, as similar results have been reported in pigs (Pearce et al., 2013; Sanz Fernandez et al., 2015) , steers (O'Brien et al., 2010) , and lactating cattle (Wheelock et al., 2010; Baumgard et al., 2011) . It is of interest to determine how much the increased adipose mobilization in the PFTN controls contributed to the decreased ADG compared with the HS lambs.
Heat-stressed animals increase their reliance on glucose as a systemic fuel. Nutritional strategies such as gluconeogenic precursor supplementation may alleviate the negative effects of HS. As expected, HS decreased DMI, but HSG lambs had greater DMI compared with HSC lambs. During P2, ADG was decreased, but it decreased much more dramatically in PFTN lambs than in HS lambs. Our results suggest that efficiency of converting dietary nutrients into tissue accretion was enhanced during HS. Although HS increased all thermal parameters, RT was slightly lower in HSG lambs than in HSC lambs during the afternoon measurement. In addition to steady circulating insulin parameters and minimal adipose tissue mobilization during HS, GLU decreased basal BUN and increased postfeeding glucose concentration. It should be noted again that the low number of animals in this experiment limit validity of performance data, so a larger experiment is warranted. Knowing whether or not the metabolic changes and improvements in thermal indices induced by GLU translate into meaningful production gains in larger commercial trials is important to the global animal agriculture industry.
